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Abstract: The objective this study was to evaluate in vitro the
bond strength of two etch-and-rise and one self-etching adhesive
system after dentin irradiation with Er:YAG (erbium: yttrium alu-
minum garnet) laser using microtensile test. The results revealed
that the groups treated with laser Er:YAG presented less tensile
bond strength, independently to the adhesive system used. The
prompt L-pop adhesive presented less microtensile bond strength
compared to the other adhesives evaluated. There was no dif-
ference between single bond and excite groups. The adhesive
failures were predominant in all the experimental groups. The
Er:YAG laser influenced negatively bond strength values of ad-
hesive systems tested in dental substrate.
30
25
20
15
10
5
0
G1 G6G5G4G3G2
Groups
19.7 (a)
25.7 (b)
10.6 (c)
13.7 (d)
19.0 (a)
25.6 (b)
Mean values of microtensile bond strength of dentin, MPa
c© 2008 by Astro Ltd.
Published exclusively by WILEY-VCH Verlag GmbH & Co. KGaA
Microtensile bond strength of different adhesive
systems in dentin irradiated with Er:YAG laser
L.M.G. Sierpinsky, 1 D.M. Lima, 1,∗ M.S.M. Candido, 1 V.S. Bagnato, 2 and S.T. Porto-Neto 1
1 Departament of Restorative Dentistry, UNESP – Sa˜o Paulo State University, Rua Humaita´, 1680, Araraquara-SP, 14801-903, Brazil
2 Physics Institute of Sa˜o Carlos, USP, Avenida Trabalhador Sa˜o Carlense, Sa˜o Carlos-SP, 13560-970, Brazil
Received: 21 March 2008, Revised: 25 March 2008, Accepted: 29 March 2008
Published online: 11 April 2008
Key words: adhesion; dentin; Er:YAG laser; microtensile bond strength
PACS: 42.62.-b, 42.62.Be, 33.15.Fm
1. Introduction
The need of complete sealing between the restorative ma-
terial and the dental substrate led to a better understand-
ing of adhesion mechanisms, stimulating new technolo-
gies, such as Er:YAG laser application for dentin surface
treatment. The Er:YAG laser is a very promising laser sys-
tem for dental use since the emitted 2940 nm wavelength
of coincide with the main absorption peak of water, and it
is also well absorbed by hydroxyapatite [1,2].
Dental adhesive systems have also been studied and
implemented. A variety of dentin bonding systems has
been developed for clinical use [3]. In great part of cur-
rently available adhesive systems, primer and bonding
agent are combined in a single bottle, still preceded by a
separate etching step. Self-etching adhesive systems were
introduced to reduce the number of handling steps and
make the applicability of such products more practical
than that of multiple-bottle bonding agents. These self-
etching adhesive systems are advantageous because they
abbreviate the application time and the errors that can oc-
cur at each bonding step [4]. It is important to emphasize
that all adhesive systems and procedures were originally
developed to act on tooth substrate prepared and treated by
conventional techniques. Therefore, the interaction of the
lasers with newly developed dental materials is not fully
understood [5–7].
It is of extreme interest for adhesive dentistry to in-
vestigate the morphology of the dentin/adhesive systems
interface when different kinds of surface treatment are ac-
complished (laser and/or acid conditioning). The aim of
this study was to evaluate in vitro the bond strength of two
etch-and-rise and one self-etching adhesive systems, after
the dentinal tissue irradiation with Er:YAG laser, as well
as, to analyze the microstructure of resin-dentin interface.
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Groups Er:YAG laser PA Ad CR
G1 + (260 mJ, 10 Hz, 20 s) + + (excite) + (tetric ceram)
G2 – + + (excite) + (tetric ceram)
G3 + (260 mJ, 10 Hz, 20 s) – + (prompt L-pop) + (tetric ceram)
G4 – – + (prompt L-pop) + (tetric ceram)
G5 + (260 mJ, 10 Hz, 20 s) + + (single bond) + (tetric ceram)
G6 – + + (single bond) + (tetric ceram)
PA – 37% phosphoric acid; Ad – adhesive; CR – composite resin
Table 1 Experimental groups
Wavelength 2.94 µm
Pulse width 200–450 µs
Focus diameter 0.77 mm
Focus radius 0.385 mm
Spot area 0.466 mm2
Energies per pulse 260 mJ
Frequency 10 Hz
Mean intensity 5.6 W/cm2
Fluencies 55 J/cm2
Focal distance 13 mm
Irradiation mode Focused in scanning
Table 2 Technical specifications of the Er:YAG laser
2. Materials and methods
This study was approved by the Ethics Research Com-
mittee of the School of Dentistry of Araraquara (UNESP
– State University of Sa˜o Paulo). Thirty human molars
teeth recently extracted caries-free and non-restored were
cleansed and stored in distilled water and 0.2% thymol
[8] until the experiment was carried out, for a period not
longer than three months. The whole experiment followed
the methodology for microtensile bond strength test [9].
2.1. Dentinal surface preparation
The teeth were sectioned 2 mm from the occlusal (Isomet
1000, Buehler Ltd., Lake Bluff, IL, USA), and a diamond
disk series 15Lc (T=1/2”, with 6” dia/0.020, # 11.4276),
under water coolant. Dentinal surfaces were ground dur-
ing 1 minute with granulated sandpapers 300, 400, and
600 (DF Vasconcelus S.A. – Sa˜o Paulo – Brasil) in a DP-
10 polishing machine, (Panambra Indistrial e Te´cnica S.A.
– Sa˜o Paulo – Brasil) under water coolant, to completely
eliminate the residual enamel (sandpapers 300 and 400)
and to create standardized smear layer (sandpaper 600).
The elimination of the enamel islets were confirmed using
an optical microscope (DF Vasconcelus S.A. – Sa˜o Paulo
– Brasil), in a 30×magnification. Samples were randomly
divided into six groups (n=5), as shown in Table 1, and
stored in distilled water for 24 hours in room temperature.
The samples from the G2, G4, and G6 groups (con-
trol groups) were not submitted to laser irradiation. The
samples from G1, G3, and G5 groups were irradiated with
Er:YAG laser (Twinlight, Fotona Medical Lasers – Slove-
nia), under air and water coolant. The Er:YAG laser hand-
piece was fixed perpendicularly to the dentinal surface, at
a 13 mm distance, with the aid of a transladator with 3 axes
x−y−z (Model A LH Starret – USA). The tooth was man-
ually moved in vertical and horizontal directions so that a
homogeneous irradiation was provided for the whole area
of exposed dentin. The appliance specifications as well as
the irradiation parameters are shown in Table 2.
2.2. Bonding procedures
The samples were submitted to the adhesive procedures in
the whole dentinal surface. The materials composition and
the manufacturers are listed in Table 3.
All the restoration procedures were performed accord-
ing to the manufacturers’ instructions. The samples from
G1, G2, G5, and G6 Groups were etched with 37% phos-
phoric acid for 15 s before the adhesive agent application.
The specimens from G3 and G4 Groups were etched with
self-etching adhesive system Adper Prompt L-pop. The
teeth were filled with tetric ceram composite resin, shade
A3, in 1.5 mm increments and light-activated separately
for 20 s. The halogen light equipment (KM-200R/DMC,
Equipamentos Ltda.EPP-Sa˜o Carlos-SP-Brasil) used for
resin activation was tested for light intensity with a ra-
diometer (LM-10, Coherent HTD, USA) coupled to a mul-
timeter (Fieldmaster, Coherent, USA), where the minimal
values were always equal or higher than 450 mW/cm2. A
metallic matrix was used to provide a cylindrical restora-
tion with 5 mm of height and 6 mm of diameter. After
storage in distilled water at 37◦C for 24 h, the samples
were thermocycled (model 521.4-serie 95g) (550 cycles of
10±2◦C and 50±2◦C).
2.3. Microtensile bonding test
All the samples were sectioned in specimens of
1 mm2±1 mm2 of transversal section and height of ap-
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Material Composition Manufacturer Material type
Adper single bond / 3M water 3M/ESPE Etch-and-rise
ethanol adhesive system
Bis-GMA, 2-hydroxyethyl methacrylate (HEMA),
dimethacrylates, polyacrylic acid functional copolymer,
camphorquinone, ethanol and water
Excite / vivadent 2-Hydroxyethyl methacrylate (HEMA), dimetacrylates, IVOCLAR/VIVADENT Etch-and-rise
phosphonic acid, acrylate, silicon dioxide, adhesive system
ethanol photo-initiators
Adper Prompt L-pop liquid 1 (red blister): methacrylated phosphoric esters, 3M/ESPE Self-etching
Bis-GMA, initiators based on camphorquinone, adhesive system
stabilizers liquid 2 (yellow blister): water, 2-hydroxyethyl
methacrylate (HEMA), polyalkenoic acid, stabilizers
Tetric ceram dimetacrylates, barium glass filler, ytterbium tri-fluoride, IVOCLAR/VIVADENT Hybrid
mixed oxides, Bis-GMA, prepolymers, additives, composite resin
stabilizers, catalysts, pigments
Table 3 Materials used in the study
proximately 8 mm, (4 mm of dentin and 4 mm of fill-
ing material). The section was carried out with the aid
of the appliance for sequential sections, Isomet 1000,
and a diamond disk series 15Lc, in low speed (100 rota-
tions/minute) under constant water coolant. After that, the
samples were stored again in distilled water for additional
24 hours at 37◦C, and soon afterward they were submit-
ted to the microtensile test. This test was performed with
mechanical test machine MTS Material Test System 810-
MTS (System Corporation-Minneapolis-Minnesota-USA)
at a speed of 0.5 mm/min, load cell of 1 KN load trans-
ducer model 661118 D-01 and a software (Testworks –
Teststar System 2-MTS System Corporation-Minneapolis-
Minnesota-USA) coupled to them in order to facilitate the
data obtained.
After checking the normality of the data through Lev-
ene and Shapiro-Wilk test, they were submitted to the anal-
ysis of variance (ANOVA) and to Tukey test (α = 5%).
Dentin bonding areas were viewed under a digital opti-
cal microscope Leica DMR-Germany (50×) to assess the
type of failure. Adhesive failure was considered the one at
the specimen/adhesive interface, cohesive failure occurred
in the material or in the substrate, with no damage to the
interface, and finally mixed failure was the one involving
at the same time the interface and the material [10]. Im-
ages from the most representative areas of dentin/adhesive
surfaces were achieved using a scanning electron micro-
scope DMS 960 Zeiss-West Germany (750× magnifica-
tion). Bond failure sites were not statistically analyzed.
3. Results
Bonding strength averages and standard deviation are
shown in Table 4 and Fig. 1. The analysis of data showed
a significantly lower decrease in the bond strength when
dentin surface was treated by Er:YAG laser irradiation
prior to accomplishing the adhesive procedure (p < 0.05).
Groups Treatment Bond strength
G1 Er:YAG laser + PA + Ad(EX) + CR 19.7±6.8 (a)
G2 PA + Ad(EX) + CR 25.7±6.7 (b)
G3 Er:YAG laser + Ad(PR) + CR 10.6±4.2 (c)
G4 Ad(PR) + CR 13.7±7.2 (d)
G5 Er:YAG laser + PA + Ad(SB) + CR 19.0±7.7 (a)
G6 PA + Ad(SB) + CR 25.6±9.2 (b)
Equal letters indicate statistical similarity (P = 0.05)
Table 4 Data of the microtensile bond strength to dentin (mean
± standard deviation in MPa)
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Figure 1 (online color at www.lphys.org) Mean values of mi-
crotensile bond strength of dentin, MPa
After testing failure mostly occurred involving the speci-
men/adhesive interface (adhesive failure) for the all groups
(Table 5).
The resin-dentin interfaces after debonding for the
three adhesive systems tested are illustrated in the scan-
ning electron micrographs in Fig. 2.
www.lphys.org
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Groups Adhesive Mixed Cohesive Total
failure failure failure
G1 73.07% (19) 23.07% (6) 3.84% (1) 100% (26)
(laser + EX)
G2 82.60% (19) 8.69% (3) 4.34% (1) 100% (23)
(EX)
G3 89.49% (17) 10.51% (2) – 100% (19)
(laser + PR)
G4 86.21% (25) 13.79% (4) – 100% (29)
(PR)
G5 95% (19) 5% (1) – 100% (20)
(laser + SB)
G6 92% (23) 4% (1) 4% (1) 100% (25)
(SB)
Table 5 Modes of failure
4. Discussion
Considering the interaction between the bonding agents
and the surface treatment accomplished, it was observed
that the use of all adhesive systems on Er:YAG lased
dentin resulted in the lowest bond strength mean. The ma-
jor mechanism of bonding to dentin surface relies directly
upon the entanglement of hydrophilic monomers to the ex-
posed collagen web and thereby depends on the availabil-
ity and integrity of the fiber mesh [10]. A possible cause
for such results would be that the greater heterogeneity of
lased substrate (mostly arising from the union of micro-
craters derived from laser procedure) coupled with the less
uniform etching pattern produced by irradiation (Fig. 2a
and Fig. 2b). The dentinal substrate is a target tissue with
a stronger interaction with Er:YAG laser irradiation due
to the great water content in its composition The incident
radiation is highly absorbed by water molecules in dentin
components and structures, mainly the intratubular fluid
and collagen network, leading to sudden heating and wa-
ter evaporation. The resulting high-stream pressure leads
to the occurrence of successive microexplosions with ejec-
tion of tissue particles, which are characteristic of the abla-
tion process and determine the microcrater like appearance
of lased surfaces [10–12].
Previous studies [6,13,14] reported that Er:YAG las-
ing of dentin leads to fractures and fissures not fully im-
pregnated by the bonding resin during the adhesive tech-
nique, thus creating a weakened zone just below the inter-
face. Based on the microscopic observations, presence de
microcraters, scaly and flaky surface appearance (Fig. 2a
and Fig. 2b), we are able to affirm those characteristics are
responsible for poor performance to adhesive systems on
Er:YAG lased dentin, resulting lowest bond strength mean.
The results of this study agree with several previous stud-
ies (Ramos et al. (2002) [10], Aoki et al. (1998) [13], Dunn
et al. (2005), [14] Martinez-Insua et al. (2000) [15], Cebal-
los et al. (2002) [16], Brulat et al. (2007) [17], and partially
with Gurgan et al. (2007) [18] that suggested that adhesion
on dentin surface treated with Er:YAG depends of the ad-
(a) (b)
(c) (d)
(e)
Figure 2 (online color at www.lphys.org) SEM micrographs
of the dentin surface after debonding (original magnification,
750×). (a) – dentin surface was prepared with Er:YAG and
bonded with excite showing mixed failure. Note the irregulari-
ties promoted by dental ablation (arrows); (b) – dentin surface
was prepared with Er:YAG and bonded with Prompt L-pop show-
ing mixed failure. Note the irregularities promoted by dental ab-
lation (arrows); (c) – dentin surface was prepared with Er:YAG
and bonded with single bond showing adhesive failure. Observe
the presence of the resin tags (arrow); (d) – dentin surface treated
only with excite. Note the regularities promoted by the diamond
disk showing mixed failure (arrows); (e) – dentin surface treated
only with single bond. Note the regularities promoted by the di-
amond disk showing mixed failure (arrows)
hesive system used. However, disagree of the studies of
Visuri et al. (1996) [19], Bertrand et al. (2004) [20], Botta
et al. (2007) [21], Malta et al. (2007) [22], Marraccini et al.
[23], Marraccini et al. [24] and Jelinkova et al. [25]. The
works of Marraccini et al. [24] and Jelinkova et al. [25] ac-
complished only morphological evaluation. These studies
reported that Er:YAG lasing of dentin leads to rough sur-
face, open dentinal tubules[24], and strong adhesion to the
composite filling material [25]. However, these studies do
not performed evaluation of the bond strength.
Ceballos et al. (2002) [16] reported that there existed
3–4 µm of dentin surface subsurface that is denatured, with
c© 2008 by Astro Ltd.
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cross-banding lost and were fused together, in Er:YAG ir-
radiated dentin, decreasing interfibrilar spaces that would
impair primer infiltration, and, thus, avoiding the forma-
tion of the hybrid layer. It is well known that a hybrid layer
will be adequately formed only in the presence of pre-
served collagen structure [26], otherwise monomer pen-
etration would not happen.
The dentin with no laser irradiation presented higher
bond strength values for etch-and-rise adhesive systems.
As these adhesive systems are ethanol and water based,
it permeates the demineralized dentin supported collagen
network that will be infiltrated by monomers and form a
hybrid layer, as well as resin tags [26], which could be
responsible for the higher bond strength observed in the
unlased groups. On the other hand, the lower values of
microtensile bond strength presented by self-etching ad-
hesive system on dentin surfaces irradiated and no irra-
diated could be due to high concentration of hydrophilic
acid molecules that could increase a absorption of water
by the adhesive resin and form hydrophilic zones, called
of “water trees”, before polymerization, interfering with
the mechanical properties [27]. This phenomenon could
partially explain the lower adhesion values presented by
Adper Prompt L-pop adhesive system.
Concisely, the values of bond strength in dental sub-
strate irradiated with Er:YAG found in literature are still
imprecise and conflicting, due to the differences of em-
ployed methodology. The studies present variation of en-
ergy, frequency and time of application of the Er:YAG
laser, which can explain the different results obtained in
this study. It may be concluded that the Er:YAG laser had
a negative influence in of the bond strength of adhesive
systems tested in dental substrate. The etch-and-rise adhe-
sive systems presented higher values of bond strength, in-
dependently of the experimental conditions. Further inves-
tigations are necessary to determine which adhesive proto-
col and irradiation parameters should be used to yield an
optimal bonding to laser-treated dental substrate, before
Er:YAG laser use can be established as a reliable technol-
ogy in restorative dentistry.
References
[1] L.J. Miserendino and R.M. Pick (Eds.), Lasers in Dentistry
(Quintessence Publishing Co, Inc., 1995), pp. 21–22.
[2] C.S. Delfino, W.C. Souza-Zaroni, S.A.M. Corona, J.D.
Pe´cora, and R.G. Palma-Dibb, Appl. Surface Sci. 252,
8476–8481 (2006).
[3] R. Sakoolnamarka, M.F. Burrow, and M.J. Tyas, Am. J.
Dent. 16, 202–206 (2003).
[4] R. Osorio, M. Toledano, G. de Leonardi, and F. Tay, J.
Biomed. Mater. Res. B 66, 399–409 (2003).
[5] M.O. Barceleiro, J.B. Mello, G.S. Mello, K.R. Dias, M.S.
Miranda, and H.R. Sampaio Filho, Oper. Dent. 30, 304–310
(2005).
[6] J.F. Sassi, D.T. Chimello, M.C. Borsatto, S.A.M. Corona,
J.D. Pecora, and R.G. Palma-Dibb, Lasers Surg. Med. 34,
385–390 (2004).
[7] J. De Munck, B. Van Meerbeek, R. Yudhira, P. Lambrechts,
and G. Vanherle, Eur. J. Oral Sci. 110, 322–329 (2002).
[8] J.P. De Wald, Dent. Mater. 13, 74–81 (1997).
[9] H. Sano, T. Shono, H. Sonoda, T. Takatsu, B. Ciucchi,
R. Carvalho, and D.H. Pashley, Dent. Mater. 10, 236–240
(1994).
[10] R.P. Ramos, D.T. Chimello, M.A. Chinelatti, T. Nonaka,
J.D. Pe´cora, and R.G. Palma Dibb, Lasers Surg. Med. 31,
164–170 (2002).
[11] U. Keller and R. Hibst, Lasers Surg. Med. 9, 345–351
(1989).
[12] R. Hibst and U. Keller, Lasers Surg. Med. 9, 338–344
(1989).
[13] A. Aoki, I. Ishikawa, T. Yamada, M. Otsuki, H. Watanabe,
J. Tagami, Y. Ando, and H. Yamamoto, J. Dent. Res. 77,
1404-1414 (1998).
[14] W.J. Dunn, J.T. Davis, and A.C. Bush, Dent. Mater. 21, 616–
624 (2005).
[15] A. Martı´nez-Insua, L. da Silva Dominguez, F.G. Rivera, and
U.A. Santana-Penı´n, J. Prosthet. Dent. 84, 280–288 (2000).
[16] L. Ceballos, M. Toledano, R. Osorio, F.R. Tay, and G.W.
Marshall, J. Dent. Res. 81, 119–223 (2002).
[17] N. Brulat, J.-P. Rocca, E. Leforestier, G. Fiorucci, S. Nam-
mour, and M.-F. Bertrand, Lasers Med. Sci., Online FirstTM,
Nov. 22 (2007).
[18] S. Gurgan, A. Kiremitci, F.Y. Cakir, E. Yazici, J. Gorucu,
and N. Gutknecht, Lasers Med. Sci., Online FirstTM, Dec.
12 (2007).
[19] S.R. Visuri, J.L. Gilbert, D.D. Wright, H.A. Wigdor, and J.T.
Walsh, Jr., J. Dent. Res. 75, 599–605 (1996).
[20] M.-F. Bertrand, D. Hessleyer, M. Muller-Bolla, S. Nam-
mour, and J.-P. Rocca, Lasers Surg. Med. 35, 51–57 (2004).
[21] S.B. Botta, P.A. da Ana, D.M. Zezell, J.M. Powers, and A.B.
Matos, Lasers Med. Sci., Online FirstTM, Nov. 20 (2007).
[22] D.A.M.P. Malta, M.A.M. Kreidler, G.E. Villa, M.F. de An-
drade, C.R. Fontana, and R.F.Z. Lizarelli, Laser Phys. Lett.
4, 153–156 (2007).
[23] T.M. Marraccini, L. Bachmann, H.A. Wigdor, J.T. Walsh,
Jr., M.L. Turbino, A. Stabholtz, and D.M. Zezell, Laser
Phys. Lett. 3, 96–101 (2006).
[24] T.M. Marraccini, L. Bachmann, H.A. Wigdor, J.T. Walsh,
Jr., A. Stabholtz, and D.M. Zezell, Laser Phys. Lett. 2, 551–
555 (2005).
[25] H. Jelı´nkova´, T. Dosta´lova´, M. Neˇmec, P. Koranda, M.
Miyagi, K. Iwai, Y.-W. Shi, and Y. Matsuura, Laser Phys.
Lett. 4, 835–839 (2007).
[26] N. Nakabayashi, K. Kojima, and E. Masuhara, J. Biomed.
Mater. Res. 16, 265–273 (1982).
[27] F.R. Tay and D.H. Pashley, J. Can. Dent. Assoc. 69, 726–731
(2003).
www.lphys.org
c© 2008 by Astro Ltd.
Published exclusively by WILEY-VCH Verlag GmbH & Co. KGaA
